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INTRODUCTION
Endoscopic ultrasonography (EUS) that uses a scanning echoendoscope (ES) allows high -resolution imaging of gastrointestinal (GI) tract and pancreaticobiliary lesions from a short distance 1−9) . Al though EUS is usually performed with the linear scanning echoendoscope (L -ES) to obtain histopathological evidence of the abnormalities in various digestive organs 10−19) , the radial scanning echoendoscope (R -ES) has an advantage over the L -ES in allowing visualization of the entire GI tract 20) . However, the conventional mechanical radial scanning echoendo-scope (MR -ES) has some problems : images have artifacts caused by multiple ring echoes due to the tip cap covering the transducer, and because of its low frame rate, images are deteriorated by echoic reduction and affected by heartbeat and breathing.
Recently, the electronic radial scanning echoendoscope (ER -ES) has been developed to make up for those faults of the MR -ES. Papanikolaou et al. reported the excellent image quality of the ER -ES with a scanning range of 360 degrees ; however, they used normal structures, not lesions 21) . Therefore, the aim of this study was to compare the ER -ES and MR -ES, each with a scanning range of 360 degrees, in the quality of EUS images of gastrointestinal tract and pancreaticobiliary lesions. 
METHODS

Patients
Evaluation items
In patients with gastric cancer, subjected to EUS using either the ER -ES or MR -ES, the items evaluated were 1) absence of artifacts caused by multiple ring echoes, 2) visibility of a tumor echo, 3) visibility of the deepest part of a tumor, and 4) visibility of the whole echo of a tumor and its surrounding organs (Table 1) .
In patients with gallbladder lesions, subjected to EUS using either the ER -ES or MR -ES, the items evaluated were 1) absence of artifacts caused by multiple ring echoes, 2) visibility of small lesions in the gallbladder, 3) absence of artifacts in the gallbladder lumen, and 4) visibility of a high echo of the outer layer (liver bed side) of the gallbladder wall ( Table 2) .
In patients with IPMN, subjected to EUS using either the ER -ES or MR -ES, the items evaluated were 1) absence of artifacts caused by multiple ring echoes, 2) visibility of all lesions, and 3) absence of artifacts in the dilated branched pancreatic duct (Table 3) .
Evaluators
Six endosonographers having at least eight years' experience with EUS served as evaluators. They each received digitized files (JPEG format) of two EUS images per patient that one of the authors had selected randomly, and assessed them on a visual analogue scale (VAS) from 1 (presence of artifacts or unclearness of visibility) to 5 (absence of artifacts or clearness of visibility) without knowledge of patient identity or the type of echoendoscope used (Table 1   - 3).
Statistics
In each of the three groups of patients, the evaluators' median scores for the ER -ES and MR -ES for each item were compared. Data were analyzed using Statcel 2 (OMS Publication, Tokorozawa, Japan). Differences were evaluated using the Wilcoxon rank sum test. P value of less than 0.05 was considered significant.
RESULTS
For patients with gastric cancer, the median scores for the ER -ES were significantly higher than those for the MR -ES in all items evaluated : absence of artifacts caused by multiple ring echoes (P=0.028), visibility of a tumor echo (P=0.043), visibility of the deepest part of a tumor (P=0.043), and visibility of the whole echo of a tumor and its surrounding organs (P=0.043) ( Table  4 , Fig. 1, 2 ).
For patients with gallbladder lesions, the median scores for the ER -ES were significantly higher than those for the MR -ES in absence of artifacts caused by multiple ring echoes (P=0.043), but not in visibility of small lesions in the gallbladder (P=0.068), absence of artifacts in the gallbladder lumen (P=0.109), or visibility of a high echo of the outer layer (liver bed side) of the gallbladder wall (P=0.180), although no evaluator gave the MR -ES higher scores (Table 4 , Fig. 3, 4) .
For patients with IPMN, the median scores for the ER -ES were significantly higher than those for the MR -ES in all items evaluated : absence of artifacts caused by multiple ring echoes (P=0.028), visibility of all lesions (P=0.043), and absence of artifacts in the dilated branched pancreatic duct (P=0.043) ( Table 4 , Fig. 5, 6 ). 24) , and three endosonographers evaluated both artifacts caused by multiple ring echoes in 30 patients with cystic disease, and penetration in 22 patients with solid tumors. They concluded that the ER -ES was superior in both groups of patients. However, the 2) Lesion's echo 5 points : It is clear. 4 points : There is not a part of influence in the interpretation of judgment though it is not distinct. 3 points : It is cannot be said that it is distinct or not. 2 points : It is not distinct and interpretation of judgment. 1 point : The interpretation of judgment cannot be done.
3) Artifacts in the gallbladder lumen 5 points : There is no artifact and the omission is good. 4 points : It is not anxious though there is a part of artifact. 3 points : It is not anxious though artifact is strong or not. 2 points : The artifact is strong, and it influences the interpretation of judgment. 1 point : Artifact is too strong, and on the inside is not understood. with a scanning range of 360 degrees was introduced, and Papanikolaou et al. reported its excellent image quality in normal structures in the pancreas, common bile duct, gastric wall, and esophageal wall 21) . We wished to objectively evaluate the ER -ES not with normal structures but with lesions, 2) Lesion's echo 5 points : It is clear. 4 points : There is not a part of influence in the interpretation of judgment though it is not distinct. 3 points : It cannot be said either. It is cannot be said that it is distinct or not. 2 points : It is not distinct and interpretation of judgment. 1 point : The interpretation of judgment cannot be done.
3) Artifact in the dilated branched pancreatic duct 5 points : There is no artifact and the omission is good. 4 points : It is not anxious though there is a part of artifact. 3 points : It is not anxious though artifact is strong or not. 2 points : The artifact is strong, and it influences the interpretation of judgment. 1 point : Artifact is too strong, and on the inside is not understood. which prompted us to undertake this study. We chose gastric cancer, gallbladder lesions, and branch -duct type IPMN for this study for the following reasons. EUS -FNA, for which the L -ES is required, is now widely used to diagnose digestive diseases and others ; however, diagnosis based on EUS morphology is more important than diagnosis by EUS -FNA in some diseases. The three types of diseases we chose are among them. Gastric cancer is one of the most common cancers in Japan, and EUS is performed most frequently for it to evaluate the depth of invasion and lymph node metastasis.
As for gallbladder lesions, we decided to use small lesions, such as stones, polyps, and debris, because in chronic cholecystitis and advanced gallbladder carcinoma, the gallbladder lumen and wall structure are difficult to evaluate. Branch -duct type IPMN was chosen because EUS is useful for its qualitative diagnosis. In the United States and Europe, EUS -FNA is performed to obtain specimens of cystic pancreatic lesions such as IPMN for cytopathologic analysis and determination of carcinoembryonic antigen. Sedlack et al. 25) , however, reported that EUS was sensitive and accurate enough to identify malignant or potentially malignant pancreatic cystic lesions, and that EUS -FNA did not enhance diagnostic yield.
In all three groups of patients, the median scores for the ER 
